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SEMICONDUCTOR MEMORY DEVICE 
OPERATING IN SYNCHRONIZATION WITH 

CLOCK SIGNAL 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
memory device, and more particularly to a semiconductor 
memory device capturing an address signal in response to a 
leading edge of a clock signal. 

[0003] 2. Description of the Background Art 

[0004] In recent years, kinds of synchronous static random 
access memories (hereinafter referred to as synchronous 
SRAM) have increased in order to improve an operating 
frequency and a utiliZation ef?ciency of a bus. Synchronous 
SRAM is SRAM operating in synchroniZation With a clock 
signal. Synchronous SRAM is classi?ed into a ?oW-through 
type and a pipe-line type according to a difference in read 
latency and again classi?ed into an early-Write type, a 
late-Write type and a double-late-Write type according to a 
difference in Write latency. 

[0005] FIG. 15 is a time chart shoWing read operations in 
?oW-through type synchronous SRAM and pipe-line type 
synchronous SRAM. In FIG. 15, not only is an address 
signal ADD is inputted in synchroniZation With a rising edge 
of clock signal CLK, but a read command is also inputted by 
a control signal WE. Q(T) indicates a read data signal of the 
?oW-through type and Q(PL) indicates a read data signal of 
the pipe-line type. 

[0006] A difference in read latency is a difference in the 
number of cycles betWeen When address signal ADD and a 
read command are inputted and When a data signal Q 
corresponding to address signal ADD is outputted. That is, 
in a case of the ?oW-through type, a corresponding data 
signal Q(A0) is outputted in a cycle 0 in Which an address 
signal (for eXample, A0) is inputted, Whereas in a case of the 
pipe-line type, corresponding data signal Q(A0) is outputted 
in a cycle 1 subsequent to cycle 0 in Which address signal A0 
is inputted. 

[0007] FIG. 16 is a time chart shoWing Write operations in 
early-Write type synchronous SRAM, late-Write type syn 
chronous SRAM and double-late-Write type synchronous 
SRAM. In FIG. 16, not only is address signal ADD is 
inputted in synchroniZation With a rising edge of clock 
signal CLK, but a Write command is inputted by control 
signal WE. D(EW), D(LW) and D(DLW) indicate Write data 
signals of the early-Write type, the late-Write type and the 
double-late Write type, respectively. 

[0008] A difference in Write latency is a difference in the 
number of cycles betWeen When address signal ADD and a 
Write command are inputted and When a data signal D 
corresponding to address signal ADD is inputted. That is, in 
a case of the early-rate type, a corresponding data signal 
D(A0) is inputted in the same cycle 0 as input cycle 0 in 
Which an address signal (for eXample, A0) is inputted, 
Whereas in a case of the late-Write type, a corresponding data 
signal D(A0) is inputted in a cycle 1 subsequent to input 
cycle 0 in Which address signal A0 is inputted. In a case of 
the double-late-Write, a corresponding data signal D(A0) is 
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inputted in a cycle subsequent to a cycle 2 again subsequent 
to input cycle 0 in Which address signal A0 is inputted. 

[0009] In a case Where the late-Write scheme or the 
double-late-Write scheme is adopted, if a Write operation and 
a read operation are alternately performed, tWo address 
signals A0 and A1 consecutively inputted, When being 
different from each other, cause no problem, Whereas tWo 
address signals A0 and A1, When being the same as each 
other, cause an inconvenience that a data signal is read from 
a memory cell to Which no data signal D has not yet been 
Written. Therefore, in order to eliminate such an inconve 
nience, there is provided a comparator for detecting Whether 
or not tWo consecutively inputted address signals A0 and A1 
coincide With each other in late-Write or double-late Write 
synchronous SRAM. 

[0010] FIG. 17 is a circuit diagram shoWing a con?gura 
tion of such a comparator 70. It is set that one address signal 
of tWo address signals ADD inputted consecutively includes 
data signals a0 to an (Where n is an integer of 0 or more), 
While the other address signal ADD includes data signals b0 
to bn. In FIG. 17, comparator 70 includes: an EX-OR gates 
71.0 to 71.n; an OR gate 72; inverters 76 and 77; and a latch 
circuit 78. 

[0011] Data signals a0 to an are inputted to respective 
EX-OR gates 71.0 to 71.n at one input nodes thereof. DATA 
signals b0 to bn are inputted to respective EX-OR gates 71.0 
to 71.n at the other input nodes thereof. OR gate 72 is 
constructed of plural 2-input NOR gates 73, 74, . . . , 3-input 
NAND gate 75 and others. The reason Why many of 2-input 
NOR gates and a 3-input NAND gates are used is that it is 
unrealistic in terms of ef?ciency to use 4-input or more NOR 
gates and NAND gates. OR gate 72 receives output signals 
of EX-OR gates 71.0 to 71.n and an output signal thereof is 
inverted by inverter 76 and the inverted signal is inputted to 
latch circuit 78 at the data input terminal D. Latch circuit 78 
is in a through state during a period When the inverted signal 
/CLK of clock signal CLK is at H level to output the inverted 
signal of an input signal, and holds and outputs a signal at 
a level of a signal inputted directly prior to transition of 
clock signal /CLK to L level in response to the transition. An 
output signal of latch circuit 78 is inverted by inverter 77 to 
become an output signal CT of comparator 74. 

[0012] In a case Where data signals a0 to an and data 
signals b0 to bn coincide With each other, output signals of 
EX-OR gates 71.0 to 71.n all assume L level and an output 
signal of OR gate 72 assumes L level to cause signal CT to 
be at H level. In a case Where data signals a0 to an and data 
signals b0 to bn do not coincide With each other, an output 
signal of at least one EX-OR gate of EX-OR gates 71.0 to 
71.n assumes H level and an output signal of OR gate 72 
assumes H level to cause signal CT to be at L level. In 
synchronous SRAM, a read operation is sWitched in 
response to signal CT. 

[0013] In prior art comparator 70, hoWever, since OR gate 
72 is constructed of NOR gates and NAN D gates at multiple 
stages, a time is longer betWeen When data signals a0 to an 
and data signals b0 to bn are made ?rm and When a result of 
comparison is outputted, having resulted in a problem of a 
sloWer operating speed in SRAM. 
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SUMMARY OF THE INVENTION 

[0014] Accordingly, a main object of the present invention 
is to provide a semiconductor memory device With a high 
operating speed. 
[0015] A semiconductor memory device according to the 
present invention includes: plural memory cells; a select 
circuit selecting a memory cell of the plural memory cells 
according to an address signal captured in response to an 
leading edge of a clock signal; a Write/read circuit perform 
ing Writing/reading of a data signal to/from a memory cell 
selected by the select circuit; and a coincidence/non-coin 
cidence detecting circuit detecting Whether or not inputted 
tWo address signals coincide With each other to output a 
control signal controlling the Write/read circuit on the basis 
of a result of the detection. The coincidence/non-coinci 
dence detecting circuit includes: a charge circuit for charg 
ing a prescribed node to a ?rst potential; plural discharge 
circuits provided correspondingly to respective plural sig 
nals included in an address signal, and each receiving 
respective corresponding tWo signals included in inputted 
tWo address signals to discharge the prescribed node to a 
second potential in response to a situation Where tWo signals 
that each discharge circuit has received are different from 
each other in logical level; and a signal generating circuit 
generating the control signal on the basis of a potential of the 
prescribed node. Therefore, since no necessity arises for use 
of NOR gates and NAND gates at multiple stages adopted 
in a prior art practice, a result of the detection of Whether or 
not tWo address signals coincide With each other can be 
quickly obtained, thereby enabling a high operation speed in 
a semiconductor memory device. 

[0016] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a circuit block diagram shoWing an 
overall con?guration of a synchronous SRAM according to 
a ?rst embodiment of the present invention; 

[0018] FIG. 2 is a block diagram shoWing a con?guration 
of SRAM core shoWn in FIG. 1; 

[0019] FIG. 3 is a time chart shoWing a Write/read opera 
tion in synchronous SRAM shoWn in FIG. 1; 

[0020] FIG. 4 is a circuit block diagram shoWing a con 
?guration of a comparator shoWn in FIG. 1; 

[0021] FIG. 5 is a circuit diagram shoWing a con?guration 
of a latch circuit shoWn in FIG. 4; 

[0022] FIG. 6 is a circuit block diagram shoWing an 
overall con?guration of synchronous SRAM according to a 
second embodiment of the present invention; 

[0023] FIG. 7 is a circuit block diagram shoWing a con 
?guration of a comparator shoWn in FIG. 6. 

[0024] FIGS. 8A to 8C are time charts for describing a 
problematic point of the ?rst and second embodiments; 

[0025] FIGS. 9A to 9C are other time charts for describing 
a problematic point of the ?rst and second embodiments; 
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[0026] FIG. 10 is a circuit block diagram shoWing a 
con?guration of a comparator of synchronous SRAM 
according to a third embodiment of the present invention; 

[0027] FIGS. 11A to 11C are time charts shoWing an 
operation in the comparator shoWn in FIG. 10; 

[0028] FIG. 12 is a circuit diagram for describing a 
problematic point of the ?rst to third embodiments; 

[0029] FIG. 13 is a circuit diagram shoWing a con?gura 
tion of a gate circuit including an AND gate 47 and a NOR 
gate 48 shoWn in FIG. 12; 

[0030] FIG. 14 is a circuit diagram shoWing a con?gura 
tion of a comparison unit circuit included in a comparator of 
synchronous SRAM according to a fourth embodiment of 
the present invention; 

[0031] FIG. 15 is a time chart shoWing a read operation in 
a prior art synchronous SRAM; 

[0032] FIG. 16 is a time chart shoWing a Write operation 
in a prior art synchronous SRAM; and 

[0033] FIG. 17 is a circuit diagram shoWing a con?gura 
tion of a comparator of a prior art synchronous SRAM. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0034] (First Embodiment) 
[0035] FIG. 1 is a block diagram shoWing an overall 
con?guration of a late-Write or ?ow-through synchronous 
SRAM according to a ?rst embodiment of the present 
invention. 

[0036] In FIG. 1, SRAM includes: a clock buffer 1; 
registers 2 to 6; a counter 7, a Write pulse generator 8; a WE 
control circuit 9; an OE buffer 10; an output buffer 11; 
selectors 12 and 13; a comparator 14; and a SRAM core 15. 

[0037] SRAM core 15, as shoWn in FIG. 2, includes: a 
memory array 16; a roW decoder 17; a column decoder 18; 
and a Write/read circuit 19. Memory array 16 includes: plural 
memory cells MC arranged in a matriX of plural roWs and 
plural columns; plural Word lines WL provided correspond 
ingly to respective plural roWs; and a plural bit line pairs 
BLP provided correspondingly to respective plural columns. 
To each memory cell MC, a peculiar roW address and 
column address are assigned in advance. Each memory cell 
MC stores one bit data thereon. 

[0038] RoW decoder 17, according to a roW address signal 
RE, selects one Word line WL of plural Word lines WL to 
drive selected Word line WL to a select level and to activate 
plural memory cells MC corresponding to selected Word line 
WL. Column decoder 18, according to a column address 
CA, selects one bit line pair BLP of plural bit line pairs BLP. 

[0039] Write/read circuit 19 is controlled by signals ATD 
and WE‘ to perform Writing/reading of a data signal to/from 
memory cell MC selected by decoders 17 and 18. That is, 
Write/read circuit 19, in a Write operation, Writes data signal 
Din to memory cell MC activated by roW decoder 17 
through bit line pair BLP selected by column decoder 8. 
Moreover, Write/read circuit 19, in a read operation, reads 
data signal Dout of memory cell MC activated by roW 
decoder 17 through bit line pair BLP selected by column 
decoder 18. 
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[0040] Returning to FIG. 1, not only does clock buffer 1 
transmit clock signal to SRAM in the entirety, but also 
generates control signal ATD in synchronization With clock 
signal CLK to give the signal to SRAM core 15. Each of 
registers 2 to 6 captures a level of an input signal during a 
period When clock CLK is at L level to hold and output the 
level of the input signal that each has captured, in response 
to an rising edge of clock signal CLK. 

[0041] That is, register 2, in synchronization With clock 
signal CLK, transmits a burst control signal BC to counter 
7. Register 3, in synchroniZation With clock CLK, gives 
address signal ADD to counter 7, register 6 and selector 12. 
Register 4, in synchroniZation With clock signal CLK, 
transmits control signals WE and CS to Write pulse generator 
8, WE control circuit 9 and OE buffer 10. Register 5 is 
activated/deactivated by WE control circuit 9 to, in synchro 
niZation With clock signal CLK, give Write data signal D to 
SRAM core 15 and selector 13. To be concrete, register 5 
holds and outputs data signal D in a cycle subsequent to a 
cycle in Which a Write command Was inputted. 

[0042] Counter 7 is reset When a burst start is instructed by 
a burst control signal BC to hold and output address signal 
ADDa given from resistor 3. Moreover, counter 7, When a 
burst start is instructed by burst control signal BC, outputs 
address signal ADDa‘ more advanced than a previous cycle. 

[0043] Register 6 is activated/deactivated by WE control 
circuit 9 to, in synchroniZation With clock signal CLK, gives 
an output signal of register 3 or counter 7 to selector 12. To 
be concrete, register 6 holds and outputs address signal ADD 
in a cycle in Which a Write command Was inputted, in a cycle 
subsequent to the cycle in Which the Write command Was 
inputted. 
[0044] Selector 12 is controlled by WE control circuit 9 to 
give address signal ADDb from register 6 to SRAM core 15 
in a cycle in Which a Write command is inputted, While 
giving address signal ADDa from register 3 or counter 7 to 
SRAM core 15 in a cycle in Which a read command is 
inputted. An output address signal ADDc of selector 12 
includes roW address signal RA and column address signal 
CA. 

[0045] Write pulse generator 8 generates Write pulse sig 
nal WE‘ according to control signals WE and SC from 
register 4 to give Write pulse signal WE‘ that the generator 
8 has generated to SRAM score 15. WE control circuit 9 
controls register 6 and selector 12 according to clock signal 
CLK and control signals WE and CS from register 4. OE 
buffer 10 controls output buffer 11 according to control 
signal OE and control signals WE and CS from register 4. 

[0046] Comparator 14 compares address signal ADD from 
register 3 or counter 7 and address signal ADD from register 
6 With each other and if tWo address signal ADD coincide 
With each other, causes signal CT to be at H level While if 
not, causes signal CT to be at L level. 

[0047] Selector 13 receives data signal D from register 5 
and data signal Dout from SRAM core 15 to, if signal CT is 
at H level, give data signal D from register 5 to output buffer 
11 While if signal CT is at L level, giving data signal Dout 
from SRAM core 15 to output buffer 11. Output buffer 11, 
in response to an output signal of OE buffer 10, outputs data 
signal D or Dout from selector 13 to a data Input/output 
terminal T. 
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[0048] Next, description Will be given of a read/Write 
operation in SRAM. In FIG. 3, not only is address signal A0 
inputted in synchroniZation With a rising edge (time point t0) 
of clock signal CLK, but a Write command is also inputted 
by control signal WE. Furthermore, not only is address 
signal A1 inputted in synchroniZation With the neXt rising 
edge (time point t1) of clock signal CLK, but a read 
command is also inputted by control signal WE. It is 
assumed that a read command Was inputted at the rising edge 
prior to time point to. 

[0049] Register 3 holds and outputs address signal A0 in 
cycle 0 in Which address A0 is inputted (ADDa=A0). 
Register 6 holds and outputs address signal A0 in a cycle 1 
subsequent to cycle 0 in Which a Write command is inputted, 
that is cycle 1 in Which address signal 1 is inputted (ADDb= 
A0). Since cycle (—1) preceding a cycle in Which address 
signal A0 is inputted is a read cycle, output address signal 
ADDb of register 6 does not change in cycle 0 in Which 
address signal A0 is inputted. 

[0050] Since selector 12 selects output address signal 
ADDb of register 6 in a cycle in Which a Write command is 
inputted, address signal A(—1) inputted in a preceding Write 
cycle is output address signal ADDc of selector 12, in Write 
cycle 0 in Which address A0 is inputted (ADDc=A(-1)). 

[0051] Since at this time, register 5 holds and outputs data 
D in a cycle subsequent to a cycle in Which a Write command 
is inputted, register 5 holds and outputs previous Write data 
signal D(A(—1)) in a cycle 0 in Which address A0 is inputted. 
Therefore, previous Write address signal A(—1) is given to 
SRAM core 15 in cycle 0 in Which address A0 is inputted 
and data signal D(A(—1)) is Written to memory cell MC 
corresponding to Write address signal A(—1). 

[0052] Next, in read cycle 1 in Which address signal A1 is 
inputted, register 3 latches address signal A1 (ADDa=A1). 
Register 6 latches Write address signal A0 in the previous 
cycle 0, since cycle 1 in Which address signal A1 is inputted 
is a cycle 1 subsequent to cycle 0 in Which a Write command 
Was inputted (ADDb=A0). 

[0053] Since cycle 1 in Which address signal A1 is input 
ted is a read cycle, selector 12 selects output signal A1 of 
register 3 to give the signal to selected SRAM core 15 
(ADDc=A1). SRAM core 15 delays a read data signal 
Q(A1) by a prescribed delay time to output the signal 
(Dout=Q(A1)). 
[0054] Here, in a case Where output address signals A0 and 
A1 of registers 3 and 6 are different from each other, no 
speci?c problem arises and output data Q(A1) of SRAM 
core 15 is outputted to data input/out put terminal T through 
selector 13 and output buffer 11. In a case Where output 
signals A0 and A1 of registers 3 and 6 coincide With each 
other, hoWever, Write data signal D(A0) corresponding to 
address signal A0 is in a state of being still held in register 
5 and has not been Written to SRAM core 15. Accordingly, 
in this case, output data signal A0 of register 5 is necessary 
to be selected by selector 13. 

[0055] Data signal D(A0) having not yet Written to SRAM 
core 15 in cycle 1 in Which address signal A1 is inputted is 
certainly Written to SRAM core 15 in the neXt Write cycle 2 
independently of a comparison result in comparator 14 in 
read cycle 1. 
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[0056] FIG. 4 is a circuit diagram showing a con?guration 
of comparator 14 as a feature of SRAM. In FIG. 14, 
comparator 14 includes: a delay circuit 12; P-channel MOS 
transistors 22 and 23; N-channel MOS transistors 24 and 25, 
and 25.0 to 25.n; EX-OR gates 26.0 to 26.n; inverters 27 to 
29; and a latch circuit 30. Output address signal ADDa of 
register 3 includes: data signals a0 to an and output address 
signal ADDb includes: data signals b0 to bn. 

[0057] Delay circuit 21 delays clock signal CLK by a 
prescribed time to generate a clock signal CLKD. P-channel 
MOS transistor 22 is connected betWeen a line of poWer 
supply potential VCC and a node N24, N-channel MOS 
transistor 24 is connected betWeen node N24 and a node N25 
and the gates thereof both receive output clock signal CLKD 
of delay circuit 21. 

[0058] In a case Where clock signal CLKD is at L level, 
not only does P-channel MOS transistor 22 become con 
ductive, but N-channel MOS transistor 24 also becomes 
non-conductive, thereby charging node N24 to H level 
(poWer supply potential VCC). In a case Where clock signal 
CLKD is at H level, not only P does channel MOS transistor 
22 become nonconductive to cease charging of node N24, 
but N-channel MOS transistor 24 also becomes conductive. 

[0059] N-channel MOS transistor 25.0 to 25.n are con 
nected in parallel betWeen node N25 and a line of ground 
potential GND. Output address signals a0 to an of register 3 
are inputted to respective one input nodes of EX-OR gates 
26.0 to 26.n, While output address signals b0 to bn of register 
6 are inputted to respective the other input nodes of EX-OR 
gates 26.0 to 26.n. Output signals of EX-OR gates 26.0 to 
26.n are inputted to the gates of respective N-channel MOS 
transistors 25.0 to 25.n. 

[0060] In a case Where address signal a0 to an and address 
signal b0 to bn coincide With each other perfectly, output 
signals of EX-OR gates 26.0 to 26.n all assume L level to 
causes N-channel MOS transistors 25.0 to 25.n to be non 
conductive, and levels of nodes N24 and N25 having been 
pre-charged to H level do not change. 

[0061] In a case Where address signals a0 to an and address 
signals b0 to bn are different from each other, an output 
signal of at least one EX-OR gate of EX-OR gates 26.0 to 
26.n assumes H level to causes at least one N-channel MOS 
transistor of N-channel MOS transistors 25.0 to 25.n to be 
nonconductive, and levels of nodes N24 and N25 having 
been pre-charged to H level are loWered to L level. 

[0062] Inverters 27 and 28, latch circuit 30 and inverter 29 
are connected in series betWeen node 24 and an output node 
29. P-channel MOS transistor 23 has a prescribed current 
drive ability, is connected betWeen a line of poWer supply 
potential VCC and node N24, and receives an output of an 
inverter 27 at the gate thereof. Inverter 27 has a prescribed 
threshold potential VT and, if a potential of node N24 is 
higher than prescribed threshold potential VT, outputs a 
signal at L level, While if a potential of node N24 is loWer 
than prescribed threshold potential VT, outputting a signal at 
H level. Inverter 27 and P-channel MOS transistor 23 
constitute a half latch circuit. When node N24 is at H level, 
an output signal of inverter 27 assumes L level to cause 
P-channel MOS transistor 23 to be conductive, thereby 
holding node N24 at H level. 

[0063] Latch circuit 30, as shoWn in FIG. 5, includes: 
inverters 31 to 33; and a transfer gate 34. Transfer gate 34 
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and inverter 32 are connected in series betWeen data input 
terminal D and data output terminal Q. Output clock signal 
CLKD of delay circuit 21 is inputted not only to the 
N-channel MOS transistor side gate of transfer gate 34 
through clock terminal C, but also to the P-channel MOS 
TRNSISTOR side gate of transfer gate 34 through clock 
terminal C and inverter 31. Inverter 33 is connected in 
antiparallel to inverter 32. 

[0064] When clock signal CLKD is at H level, transfer 
gate 34 becomes conductive to output the inverted signal of 
an input signal to output terminal Q. When clock signal 
CLKD is pulled doWn from H level to L level, transfer gate 
becomes non-conductive and a signal having been outputted 
directly prior to transition to the non-conduction is held and 
outputted by inverters 32 and 33. That is, When clock signal 
CLKD is at H level, latch circuit 30 enters a through state, 
While When clock signal CLKD is at L level, latch circuit 30 
enters a hold state. An output signal of latch circuit 30 is 
inverted by inverter 29 into signal CT. 

[0065] Next, description Will be given of an operation in 
comparator 14. Adelay time of delay circuit 21 is set to, for 
example, 1A a cycle of a cycle clock signal CLK. During a 
period When clock signal CLKD is at L level, not only does 
P-channel MOS transistor 22 become conductive, but also 
N-channel MOS transistor 24 becomes non-conductive and 
node N24 is charged to H level. Furthermore, during the 
period, latch circuit 30 enters a hold state and a level of 
signal CT shoWs a comparative result in the previous cycle. 

[0066] At time point t1 of FIG. 3, When clock signal CLK 
is raised from L level to H level, determined are output 
address signal ADDa=a0 to an of register 3 and output 
address signal ADDb=b0 to bn of register 6. NeXt, When 
clock signal CLKD is raised from L level to H level after a 
delay time of delay circuit 21 elapses, P-channel MOS 
transistor 22 becomes nonconductive While N-channel MOS 
transistor 24 becomes conductive to cause latch circuit 30 to 
be in a through state. 

[0067] When address signal a0 to an and address signal b0 
to bn are different from each other, nodes N24 and N25 
assume L level, signal CT assumes L level and output data 
signal Dout of SRAM core 15 is outputted to data input/ 
output terminal T through selector 13 and output buffer 11. 
When address signal a0 to an and address signal b0 to bn 
coincide With each other, nodes N24 and N25 stay at H level 
as are Without change in level, signal CT assumes H level 
and output data signal Din of register 5 is outputted to data 
input/output terminal T through selector 13 and output buffer 
11. 

[0068] In this embodiment, since Whether or not tWo 
address signals a0 to an and b0 to bn inputted consecutively 
coincide With each other is detected by n+1 EX-OR gates 
26.0 to 26.n and a Wired OR gate, Whether or not tWo address 
signals a0 to an and b0 to bn can be detected more quickly 
as compared With a prior art practice in Which a multi-stage 
gate circuit Was adopted, thereby enabling a high speed 
operation in SRAM. 

[0069] (Second Embodiment) 
[0070] FIG. 6 is a block diagram shoWing an overall 
con?guration of late-Write, ?oW-through/pipe-line sWitch 
synchronous SRAM according to a second embodiment of 
the present invention, Which are to be compared With that of 
FIG. 1. 
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[0071] Referring to FIG. 6, SRAM in the second embodi 
ment is different from SRAM of FIG. 1 in that in SRAM of 
FIG. 1, a register 40 is added and comparator 14 is replaced 
With a comparator 41 and a sWitch signal /FT is newly 
introduced. Signal /FT is set to L level When SRAM is used 
as the ?oW-through type and to H level When SRAM is used 
as the pipe-line type. 

[0072] Register 40 is inserted betWeen the data output 
node of SRAM core 15 and selector 13 and When signal /FT 
is at L, enters a through state and transmits output data signal 
Dout of SRAM core 15 to selector 13 independently of clock 
signal CLK. On the other hand, When signal /FT is at H 
level, register 40 operates as an ordinary register; and during 
a period When clock signal CLK is at L level, captures output 
data signal Dout of SRAM core 15, and holds and outputs 
a level of captured data signal Dout that the register 40 has 
captured in response to a rising edge of clock signal CLK. 
Accordingly, When SRAM is used as the pipe-line type, read 
data signal Q is outputted in a cycle subsequent to a cycle in 
Which a read command is inputted (see FIG. 15). 

[0073] Comparator 41, as shoWn in FIG. 7, has a con 
?guration obtained by adding a latch circuit 42, an inverter 
43 and a NAND gate 44 to comparator 14 of FIG. 4. Latch 
circuit 42 is of the same con?guration as that of latch circuit 
30. An output signal of inverter 29 is inputted to the data 
input terminal D of latch circuit 42. An output signal of latch 
circuit 42 is inverted by inverter 43 into signal CT. NAND 
gate 44 receives clock signal CLK and signal /FT and an 
output signal thereof is inputted to the clock terminal C of 
latch circuit 42. 

[0074] When signal /FT is at L level, an output signal of 
NAND gate 44 is ?xed at H level independently of clock 
signal CLK to causes latch circuit 42 to be in a through state. 
Therefore, comparator 41 is of the same con?guration as that 
of comparator 14 of FIG. 4. 

[0075] When signal /FT is at H level, NAND gate 40 
operates as an inverter for clock signal CLK and the inverted 
signal /CLK of clock signal CLK is inputted to the clock 
terminal C of latch circuit 42. Therefore, signal CT is 
delayed by latch circuit 42 by a half cycle, thereby enabling 
an output timing of resister 40 and output timing signal CT 
to coincide With each other. 

[0076] In this second embodiment, the same effect as that 
of the ?rst embodiment is attained and in addition to this, 
selection can be made in respect to Whether SRAM is used 
as the ?oW-through type or the pipe-line type by setting 
signal /FT to L level or H level. 

[0077] Note that While in this second embodiment, signal 
/FT is inputted externally, limitation is imposed to this, but 
signal /FT may be generated internally With a so-called 
address key With Which a prescribed address signal ADD is 
inputted at a prescribed timing. In this case, no necessity 
arises for specially providing an input terminal for signal 
/FT. 

[0078] (Third Embodiment) 
[0079] In comparators 14 and 41 of the respective ?rst and 
second embodiments, With increase in number n+1 of data 
signals included in address signal ADD, a problem arises 
that a normal operation is not secured. For example, in 
comparator 41 of FIG. 7, if a number n+1 of data signals 
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included in address signal ADD becomes larger to thereby 
increase the number of N-channel MOS transistors 25.0 to 
25.n, not only does parasitic capacitance of node N25 build 
up, but leakage currents of N-channel MOS transistors 25.0 
to 25.n groWs. Accordingly, even When address signal a0 to 
an and address signal b0 to bn coincide With each other and 
all of N-channel MOS transistors 25.0 to 25.n become 
nonconductive, node N24 assumes L level if not only 
P-channel MOS transistor 22 becomes conductive, but 
N-channel MOS transistor 24 also becomes conductive. In 
order to prevent this from occurring, P-channel MOS tran 
sistor 23 is provided, but a siZe of P-channel MOS transistor 
23 is set to a small value, so if the number of N-channel 
MOS transistors 25.0 to 25.n is in excess, node N25 cannot 
be held at H level. 

[0080] FIGS. 8A to 8C are time charts shoWing a state of 
such a malfunction. In FIGS. 8A to 8C, it is set that address 
signal a0 to an and address signal b0 to bn coincide With 
each other during a period When data signal an included in 
address signal ADD is at H level, While address signal a0 to 
an and address signal b0 to bn do not coincide With each 
other during a period When data signal an is at L level. When 
data signal an and clock signal CLKD are both at H level, 
it is required that nodes N24 and N25, and signal CT are at 
H level, but nodes N24 and N25 cannot be at H level, 
resulting in a malfunction, since the number of N-channel 
MOS transistors 25.0 to 25.n is in excess. 

[0081] If in order to such a malfunction, a siZe of P-chan 
nel MOS transistor 23 is set to a large value, to the contrary, 
nodes N24 and N25 cannot be lowered to L level even When 
address signal a0 to an and address signal b0 to bn do not 
coincide With each other. 

[0082] FIGS. 9A to 9C are time charts shoWing a state of 
such a malfunction. In FIGS. 9A to 9C, it is also set that 
address signal a0 to an and address signal b0 to bn coincide 
With each other during a period When data signal an is at H 
level, While address signal a0 to an and address signal b0 to 
bn do not coincide With each other during a period When data 
signal an is at L level. When not only is data signal an at L 
level, but clock signal CLKD is also at H level, it is required 
that nodes N24 and N25, and signal CE are at L level, but 
nodes N24 and N25 cannot be at L level, resulting in a 
malfunction, since a siZe of P-channel MOS transistor 23 is 
excessively large. In this third embodiment, this problem is 
solved. 

[0083] FIG. 10 is a circuit block diagram shoWing a 
con?guration of comparator 45 of SRAM according to a 
third embodiment of the present invention, Which is to be 
compared With FIG. 7. Referring to FIG. 10, comparator 45 
is different from comparator 41 of FIG. 7 is that clock signal 
CLK is given to the gate of N-channel MOS transistor 24 
instead of output clock signal CLKD of delay circuit 21. 

[0084] FIGS. 11A to 11C are time charts for shoWing an 
operation in comparator 45. It is set that signal /FT is at L 
level. In FIGS. 11A to 11C, since address signal a0 to an and 
address signal b0 to bn do not coincide With each other 
during a period When data signal an is at L level, at least one 
N-channel MOS transistor of N-channel MOS transistors 
25.0 to 25.n becomes conductive to cause node N25 to be at 
L level. 

[0085] When data signal an is raised from L level to H 
level, address signal a0 to an and address signal b0 to bn 








